Human lactate dehydrogenase B (LDH-B) cDNA was isolated and sequenced. The LDH-B cDNA insert consists of the protein-coding sequence (999 bp), the 5' (54 bp) and 3' (203 bp) non-coding regions, and the poly(A) tail (50 bp). The predicted sequence of 333 amino acid residues was confirmed by amino acid composition and/or sequence analyses of a total of 185 (56%) residues from tryptic peptides of human LDH-B protein. The nucleotide and amino acid sequences of the human LDH-B coding region show 68 % and 75 % homologies respectively with those of the human LDH-A. The peptide map and amino acid composition data have been deposited as Supplementary Publication SUP 50139 (7 pages) at the British Library Lending Division, Boston Spa, Wetherby, West Yorkshire LS23 7BQ, U.K., from whom copies are available on prepayment [see Biochem.
INTRODUCTION
In mammals, the five isoenzymes of tetrameric lactate dehydrogenase (LDH) are found in various proportions among different somatic tissues and are produced in vivo by combination of the A (muscle) and B (heart) subunits, whereas the homotetrameric LDH-C4 is present only in mature testis and spermatozoa [1] . The LDH-A4, LDH-B4 and LDH-C4 isoenzymes possess distinct physical, catalytic and immunological properties [2, 3] . The LDH-A, -B and -C polypeptides are encoded by three different genes that appear to have originated from an ancestral gene during the course of evolution [4] . In order to study the structural and evolutionary relationship and to elucidate the molecular mechanism of the tissue-specific expression of these three LDH genes, we have undertaken the investigation of protein structure and gene organization of mammalian LDH-A4, LDH-B4 and LDH-C4 isoenzymes. We have reported the primary structure of human and mouse LDH-A4 as well as mouse and rat LDH-C4 isoenzymes [5] [6] [7] [8] [9] . We have also described the nucleotide sequences of human LDH-A and mouse LDH-C cDNAs of nearly full length as well as the genomic organization of human and mouse LDH-A genes and pseudogenes [7] [8] [9] [10] [11] [12] [13] [14] [15] . In the present work the complete amino acid sequence of human LDH-B4 isoenzyme was determined by structural analyses of both cDNA and protein.
MATERIALS AND METHODS Isolation and characterization of cDNA clones
Human LDH-B cDNA clones were isolated from Blymphocyte and T-cell cDNA libraries (Clontech) by using a human LDH-A cDNA probe [8] . The EcoRI DNA fragments of positive clones were subcloned into M1 3 mplO bacteriophages, and their partial nucleotide sequences were determined by the dideoxy chaintermination method [16] [17] [18] . An EcoRI fragment of length 1.3 kb from clone hB619 was isolated from Ml 3 double-stranded DNA and further cleaved with Sau3AI or AluI, the DNA subfragments were cloned into M13 mplO or M 13 mpl 1 bacteriophages, and their nucleotide sequences were determined.
Composition and sequence analyses of tryptic peptides
The LDH-B4isoenzyme purified from human erythrocytes (Sigma Chemical Co.) was oxidized and digested with trypsin. Tryptic peptides were purified by twodimensional paper chromatography and high-voltage electrophoresis at pH 4.4. The amino acid compositions of the isolated peptides were obtained by using a Dionex D500 amino acid analyser, and partial amino acid sequences of high-yield peptides were determined automatically by using a Beckman 890C protein/peptide sequencer and h.p.l.c. as previously described [5, 9] .
RESULTS

LDH-B cDNA sequence
The human B-lymphocyte AgtlO cDNA library was screened by using a human LDH-A cDNA probe, and several weakly positive clones, presumably containing LDH-B cDNA, were identified. The partial nucleotide sequence of a 1.0 kb EcoRI fragment from clone hB537 ( Fig. 1 ) was found, to be different from that of human LDH-A cDNA, and its deduced amino acid sequence was consistent with the amino acid compositions of some tryptic peptides purified from human LDH-B protein.
Thus clone hB537 contains a partial human LDH-B cDNA sequence starting from codon no. 65.
The partial human LDH-B cDNA of clone hB537 was subsequently used as a probe to identify several strongly The deduced amino acid sequence of human LDH-B cDNA is given below its nucleotide sequence. The results of composition and sequence analyses of tryptic peptides are denoted by hyphens and arrows respectively. The polyadenylation signal AATAAA [20] is underlined.
cDNA and protein sequences of human lactate dehydrogenase B positive clones from the human T-cell Agtl0 cDNA library [19] . Clones hB609 and hB619 were found to contain EcoRI inserts of 0.9 kb and 1.3 kb respectively (Fig. 1) . The complete sequence of 1307 nucleotide residues from clone hB619 (Fig. 2) consists of a single 333-amino acid-residue open reading frame between the first ATG codon triplet of translation initiation and the termination triplet TGA, the 5' (54 nucleotides) and 3' (203 nucleotides) non-coding regions and the poly(A) tail (50 nucleotides).
Characterization of tryptic peptides
The tryptic peptides ofoxidized human LDH-B protein were purified by two-dimensional paper chromatography and electrophoresis at pH 4.4. The peptide map and amino acid composition data of tryptic peptides were submitted for editorial review, and are deposited as Supplementary Publication SUP 50139 at the British Library Lending Division. The results of compositional analysis as well as partial sequencing of the purified tryptic peptides were summarized in Fig. 2 . A total of 185 amino acid residues obtained from tryptic-peptide analyses confirmed 56 % of the amino acid sequence deduced from the LDH-B cDNA sequence.
DISCUSSION
The clone hB537 isolated from the human B-lymphocyte AgtlO cDNA library by using a human LDH-A cDNA probe was found to contain partial LDH-B Table 1 
. Amino acid composition of human LDH-B protein
The values obtained from amino acid analysis were calculated from the average values of 24 h, 48 h and 72 h hydrolyses, except those for serine and threonine, which were extrapolated to zero-time hydrolysis, and those for isoleucine and valine, which were those of 72 h hydrolysis. Asparagine and aspartic acid were obtained as aspartic acid, and glutamine and glutamic acid as glutamic acid. Cysteine was determined as cysteic acid. Tryptophan was not determined.
Amino acid
Deduced from From amino acid residue cDNA sequence analysis cDNA flanked by PstI sites right next to EcoRI linkers. One of these PstI sites corresponded to codon no. 65-66 (Fig. 2) . This appeared to indicate that the AgtlO cDNA library (Clontech HL1002B) was derived from the PstI fragments of its related pBR322 cDNA library (HL1002A). Thus it would be very unlikely to isolate the full-length LDH-B cDNA containing two PstI sites. The partial LDH-B cDNA of clone hB537 was subsequently used as a probe to isolate clones hB609 and hB619 from the human T-cell AgtlO cDNA library [19] . The sequence of 1307 nucleotide residues from clone hB619 (Fig. 2) contains the full-length protein-coding regions, the 5' and 3' non-coding regions as well as poly(A) tail. The primary structure of human LDH-B protein has a calculated molecular mass of 36507 Da, excluding the initiation methionine and N-terminal blocked group, and its composition of 333 amino acid residues is consistent with the total amino acid analysis of human LDH-B protein ( Table 1 ). The amino acid sequence of human LDH-B protein possesses 94 0 homology with the pig LDH-B sequence determined by direct protein analysis [21] . The nucleotide and amino acid sequences of human LDH-B coding region, when compared with those of human LDH-A ( Fig. 3) , show 68 % and 75 % homologies respectively [8] . It may also be noted that only 49 % of the 322 nucleotide differences resulted in amino acid substitutions. The functional significance of these amino acid differences between human LDH-B4 and LDH-A4 isoenzymes remains to be elucidated through the use of site-directed mutagenesis.
The 3' non-coding region of human LDH-B mRNA contains a single polyadenylation signal AAUAAA [20] located at 18 nucleotide residues 5' to the poly(A) addition site. This region is much shorter than that of human LDH-A (565 nucleotide residues), and there was no obvious sequence homology between them [8].
Recently the e-crystallin of duck lenses was found unexpectedly to be active LDH-B4 isoenzyme [22] . The availability of nearly full-length human LDH-B cDNA should also facilitate the structural analysis of mammalian LDH-B genes and the molecular characterization of genetic mutations affecting the LDH-B4 isoenzymes [23] . 
